For the uniform electron gas, the decomposition of the exchange and correlation energy into its individual wave vectors has proved invaluable for both a deeper understanding of its structure as well as its extensions to the metalhc range. Similar efforts made in the nonuniform electron gas {and, in particular, surface properties) have also yielded much finer knowledge. However, we show here unequivocally that the particle conservation sum rule does not determine the iong-wavelength limit of the structure factor of inhomo-. geneous many-electron systems in the thermodynamic limit. The short-wavelength region is also examined and shown not to be given rigorously by the local-density approximation.
I. INTRODUCTION
For N electrons in the presence of an external potential V(r ) the exchange and correlation energy can be written in terms of the structure factor Sq(r, r '), i.e. , (2) - (4) can be written as the difference between the normal modes coo(q, k) [coo(q, k)-: e-"+-- ei, ] for the noninteracting electron gas and the normal modes ton(q, k) of the interacting electron gas [i.e. , the poles of 1/e~(q, co) II. q VECTOR DECOMPOSITION OF E", Equation (1) can be rewritten in a slightly different form by using the relation iVSi(r, r ')= -xi(r, r ', iso),
f xi(r, r', io))+ni(r)5(r r')- (14) We can now write u(r -r ') in terms of any complete basis set P-(r), i.e. , u(r -r ')= g u, g-"(r)g,(r ') . The quantities ys(q) and y~(q) are essentially equivalent to the corresponding averaged structure factors. These results will be used in the following section.
We next consider the case of a jellium surface. Now if this potential confines the electron gas between z =0 and z =I. +5 then we can write 7 in Eq. (13) 
Here n. p( h ) is the Lindhard and m( h ) the fully correlated screening functions.
The non-self-consistent (i.e., lowest order RPA)
graphs for E", are shown in Fig. 2 To examine the general small-q behavior of y, (q) for an arbitrary jellium profile is at present an unattainable task. For present purposes, it is sufficient to study ys (q) within the IBM. We conclude the following:
(i) The y, (q) for exchange only goes to a 6nite value as q -+0.
(ii) The proof of Ref. 3 for the small-q limit of the fully correlated y, (q), y, (q)~(k~/8m)q(co, -cos/2) for an arbitrary surface profile is incomplete.
To evaluate y, {q) for exchange only we return to Eq. (23). In the Hartree-Pock (HF) approximation it is not difficult to show that
and e-"=(k~~+k, )/2m with k, =nm/(L +5) ( To evaluate the WVD of Eq. (35) we follow the discussion of the preceding section (Fig. 3) . Figure  3( Fig. 1(a) ], we get for the LDA contribution the results of Fig. 3(a) and for the gradient contribution the results of Fig.   3(b) . Now the first terin in Fig. 3(a) We have shown that the usual sum rule y(q =0) =0, which is a reflection of particle conservation, has no bearing on the limit of y(q) as q~0 for macroscopic systems in the thermodynamic limit.
The structure factor is discontinuous at q =0.
This was shown in two examples: (1) the exchange contribution to the surface energy of a metal, and (2) the exchange and correlation energy of a fully correlated weakly inhomogeneous bulk electron gas in the presence of a very slowly varying external potential. Furthermore, small-q structure of y(q) is not universal and the LDA is not exact at large q.
The small-q limit reflects an important long-range dependence, in the pair correlation function, which is not only governed by intrinsic length scales ( Fig. 1(a), X (r 1 -rz, ico) by a single bubble of Fig. 3(a) , and g (r"rz,ico) [ If we define the function A(r, r ', co) in terms of X and g in Eq. (Al), i.e. , A(r, r', co)= I d r"[g (r r", a))+P -(r, r",a))]u(r" r'), -then umImA r, r', m = -2 e r -r'n r + -r -r'. r 
